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Abstract 

Background: Rotavirus immunization has been effective in developed countries where genotype G1P[8] is the 
predominant rotavirus strain. Knowledge of circulating strains in a population before introduction of rotavirus 
immunization program will be useful in evaluating the effect of the intervention. 

Methods: Rotavirus was identified by enzyme immuno-assay (EIA) on stool specimens of children (age 0-59 months) 
hospitalized with acute gastroenteritis from August 2007 to February 201 1 in Accra, Ghana. Rotavirus positive 
specimens were further characterized by polyacrylamide gel electrophoresis (PAGE) and reverse-transcriptase 
polymerase chain reaction (RT-PCR). 

Results: Of the 2277 acute gastroenteritis hospitalizations 1099 (48.2%) were rotavirus-positive by EIA. Of the 1099 
cases 977 (89%) were PAGE positive. All EIA positive specimens were further subjected to RT-PCR and 876 (79.7%) had 
sufficient material for characterization. Of these 876 cases, 741 (84.6%) were assigned G genotype, 709 (80.9%) P 
genotype, and 624 (71 .2%) both G and P genotypes. We identified 8 G genotypes (G1, G2, G3, G4, G8, G9, G10, G12) 
and 3 P genotypes (P[4], P[6], P[8]). G1 (50.9%), G2 (18.8%), G3 (12.8%), P[8] (36.1%) and P[6] (30.7%) were the most 
prevalent. The most prevalent genotype combination was G1 P[8] (28%). Mixed G (7.3%) and P (24.2%) genotypes were 
not uncommon. There was year-by-year and seasonal variations for most genotypes. 

Conclusion: There is great diversity of rotavirus strains in children with severe gastroenteritis in southern Ghana. Even 
though cross-protection with vaccine-induced immunity occurs, continued strain surveillance is recommended after 
the introduction of rotavirus vaccine in the national immunization program. 
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Background 

Rotavirus gastroenteritis significantly contributes to child- 
hood morbidity and mortality in developing countries 
[1,2]. The double-stranded RNA virus is classified into 8 
groups (A - H) based on antigenicity and nucleotide 
sequence identities of the VP6 gene [3,4]. The two outer 
capsid proteins VP4 (P type specificity) and VP7 (G type 
specificity) stimulate human immunological response and 
are targets for the development of rotavirus vaccines [5]. 

Currently, 27 G and 35 P genotypes have been identified 
in humans and animals [6]. Global epidemiologic surveys 
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have identified G1P[8], G2P[4], G3P[8], G4P[8], and G9P 
[8] as the most common circulating strains associated with 
diarrhoea in humans [7]. However, recent studies in devel- 
oping countries have shown greater diversity and this may 
impact the efficacy of rotavirus vaccination programs in 
these countries [8-12]. 

The World Health Organization (WHO) recommends 
surveillance for the burden of rotavirus disease and cir- 
culating rotavirus strains, before and after inclusion of 
rotavirus vaccination in national expanded programs on 
immunization [13]. Previous work has been published 
on rotavirus strains in the dry savannah northern part of 
Ghana but little is known about circulating rotavirus 
strains in the warm humid southern part of the country. 
This report presents the rotavirus genotypes identified in 
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children hospitalized with acute gastroenteritis in southern 
Ghana prior to the introduction of rotavirus vaccination. 

Results 

During the period August 2007 to February 2011, 2277 
stool specimens were tested by EIA of which 1099 (48.2%) 
were positive for rotavirus. Of the 1099 EIA positive speci- 
mens 977 (89%) were PAGE positive and 876 (89.7%) had 
sufficient material for further characterization by RT-PCR. 
Of the 876 specimens 741 (84.6%) and 709 (80.9%) were 
assigned a G and P genotypes respectively while 624 
(71.2%) were assigned both G and P genotype. 

Genotypes 

We identified eight G genotypes (Gl, G2, G3, G4, G8, G9, 
G10 and G12). The most prevalent G genotypes Gl, G2 and 
G3 accounted for 377 (50.9%), 139 (18.8%) and 95 (12.8%) 
of cases respectively. The 3 P genotypes (P[4], P[6] and P[8]) 
identified among the 709 specimens accounted for 9%, 
30.7% and 36.1% of cases respectively. Mixed G (7.3%) and 
P (24.2%) genotypes were not uncommon. Non-typeable ro- 
taviruses comprised 135/876 (15.4%) and 167/876 (19.1%) 
for G and P genotypes respectively. Table 1 shows the geno- 
type combinations of circulating rotavirus strains. 

Of the 624 specimens that were assigned both G and P 
genotypes 430 (68.9%) were single G and P genotype strains. 
Figure 1 shows the genotype distribution of all characterized 
strains; G1P[8], GIPmix, G3P[6], and G2P[6] were the most 
prevalent strains and caused 60% of severe gastroenteritis 
cases in southern Ghana prior to the introduction of rota- 
virus vaccination. 

Temporal variation 

The Gl genotype was the most prevalent cause of severe 
diarrhoea accounting for 35% - 50% of all acute gastro- 
enteritis hospitalizations for each year of study. The 



prevalence of G2 genotype consistently decreased from 
28% in 2008 to 2% in 2010 while G3 increased from 9% to 
17% during the same period. There was only one case of 
G8 during the study period, but we also identified five cases 
of Gl, 8 mixed genotypes. 

The peak season for acute gastroenteritis was the dry 
cool months (December - February) in 2008 and 2010 and 
the rainy season (May - July) in 2009. The Gl genotype 
was the most prevalent genotype during the peak diar- 
rhoeal seasons as shown in Figure 2. Gl and G3 occurred 
all year round while G2 prevalence fluctuated without a 
characteristic seasonal pattern. Of the 12 G4 genotypes 
identified in 2008, 7 occurred during the rainy season and 
5 during the hot dry months (October and November). For 
G9 genotype, 11 of the 13 cases identified in 2008 occurred 
in the rainy season, there was no seasonal pattern in 2009. 
On the other hand G10 showed a predilection for the rainy 
season, 4/6 and 16/20 cases in 2008 and 2009 respectively 
occurred during the rainy season. There was only one case 
of G10 in 2010. 

Discussion 

This report documents the genetic characterization of 
group A rotaviruses associated with severe acute gastro- 
enteritis in children less than 5 years of age prior to the 
introduction of rotavirus vaccination in southern Ghana. 
G1P[8], G3P[6] and G2P[6] were the most prevalent 
strains and accounted for over 44% of all characterized 
strains and 65% of single strains of rotavirus identified in 
this cohort. Earlier reports from Ghana identified G2P[6], 
G3P[4] and G9P[8] as the most prevalent strains in the 
rural settings of the dry savannah northern part of the 
country [14]. The molecular epidemiology of rotavirus in 
this study showed great diversity in genotype combinations 
as reported from other African populations and in contrast 
to data from developed countries [7,15]. 



Table 1 Rotavirus genotypes in young children hospitalized with severe acute gastroenteritis in southern Ghana: 
2007 - 2011 



P type 



G type 





P[4] 


P[6] 


P[8] 


Pmix 


P uncharacterized 


Total 


% Prevalence 


G1 


15 


23 


177 


99 


63 


377 


43.0 


G2 


32 


45 


16 


32 


14 


139 


15.9 


G3 


1 


56 


7 


5 


26 


95 


10.8 


G4 


4 


5 


0 


3 


1 


13 


1.5 


G8 


1 


0 


0 


0 


0 


1 


0.1 


G9 


0 


14 


6 


4 


7 


31 


3.5 


G10 


1 


23 


0 


2 


1 


27 


3.1 


G12 


0 


1 


3 


0 


0 


4 


0.5 


G mix 


2 


16 


19 


12 


5 


54 


6.2 


G uncharacterized 


7 


35 


28 


15 


50 


135 


15.4 


Total 


63 


218 


256 


172 


167 


876 


100.0 
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Figure 1 Frequencies (%) of rotavirus G/P combinations among 
624 children hospitalized with acute gastroenteritis: 2007-2011. 



The Gl genotype was the most common cause of severe 
rotavirus gastroenteritis in this study as in other popula- 
tions [7,16]. G1P[8] caused 28.4% of the infections in this 
Ghanaian cohort as compared to over 70% of cases in de- 
veloped countries (United States, Europe, and Australia), 
30% in South America and 23% in Africa [7]. Gentsch 
et al. reported that G1P[8], G2P[4], G3P[8], G4P[8], and 
G9P[8] represent 74% of globally identified strains [17]. 



However, these strains have been shown to be less preva- 
lent in Africa comprising of only 37% of known strains 
[8], and 35.6% in this study. We did not identify any G4P 
[8] strain and G3P[8] and G9P[8] were rare accounting 
for 2% of the total cohort. 

There was only one case of G8 genotype and five Gl,8 
mixed genotypes during the 43 months of this study. The 
prevalence of G8 in southern Ghana is quite low compared 
to what has been reported from other African countries 
[7,18,19]. Also G3 strains were mostly in combination with 
P[6] than P[8] in contrast to reports from elsewhere [20]. 
The novel combinations of G9P[6] and G9P[8] were the 
most common genotype combinations of G9 strain as ob- 
served in other regions. 

We observed significant temporal and seasonal variations 
in the prevalence of some genotypes. G1P[8] was virtually 
non-existent during the rainy season (May - July) of 2008 
and 2010 but it caused most of the gastroenteritis cases 
during the peak diarrheal season of 2009 which occurred 
in the rainy season. Other investigators have reported simi- 
lar variable seasonal patterns of rotavirus disease in tropical 
countries [21,22]. It is thought to result from the genetic 
drifts of neutralizing antigens and reassortment of similar 
genes among locally co-circulating strains [20]. 

None of the genotypes exhibited a distinct seasonal pat- 
tern. Even though G10 occurred mostly in the rainy sea- 
son, the surveillance period of this study is too short and 
long-term observations are required to evaluate this pat- 
tern. G10 has been shown to be more commonly associ- 
ated with infections in animals [23] as such we hypothesize 
that the rainy season could create the right environment 
for co-infections with animal strains in young children 
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Figure 2 Seasonality of rotavirus G-genotypes in young children hospitalized with acute gastroenteritis in southern Ghana: 2007-2011. 
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living in the southern regions of Ghana. However, a study in 
northern Ghana found that G10 strains from Ghana were 
more closely related to human G10 strains than to animal 
G10 strains [24]. More studies are needed on the G10 
strains from southern Ghana as the socio-environmental 
conditions in the south differ from those of the north. 

The most prevalent genotype Gl caused severe diarrhoea 
in 47.5% of children under the age of 5 months; the age 
group targeted for rotavirus immunization. The great diver- 
sity of rotavirus strains observed in this study especially in 
young infants raises concerns about whether the vaccine 
strains G1P[8] would evoke sufficient heterotypic protection 
against other strains not present in the vaccine. Cross- 
protection with natural infection and vaccine-induced im- 
munity has been reported [25-27]. However, as rotavirus 
vaccination is introduced into the routine immunization 
program it is important to closely monitor vaccine perform- 
ance against heterotypic strains in Ghana. 

The high proportion of mixed and non-typeable G and 
P types in this cohort is a limitation of this study. How- 
ever, similar observations have been reported from other 
regions [28,29] . New molecular technologies are currently 
available for better characterization of rotaviruses. These 
facilities are currently not available in our research labora- 
tory and were not provided for by sponsors of this surveil- 
lance study. Further studies on the non-typable specimens 
are recommended. 

Conclusion 

There was great diversity of rotavirus strains associated 
with severe acute gastroenteritis in young children before 
the introduction of rotavirus vaccination in Ghana. Con- 
tinuation of strain surveillance after the introduction of 
vaccination is recommended for evaluating the impact of 
vaccination on strain distribution and assessing effective- 
ness or otherwise of the rotavirus vaccine in use in Ghana. 

Methods 

This study was conducted as part of the World Health 
Organization sponsored rotavirus surveillance study in 
selected African countries. The study was submiited to the 
Ethical and Protocol Review Committee of the University of 
Ghana Medical School. The risk to participants was consid- 
ered as negligible (the inconvenience of filling a simple form 
ans scooping the stool of their hospitalized child in the spe- 
cimen bottle provided). Children aged 0-59 months who 
were hospitalized for more than 24 hours with a primary 
diagnosis of acute gastroenteritis were eligible to be included 
in the study if the parents gave consent. Children with 
bloody stools or those whose parents did not give consent 
were excluded. Stool specimens collected from August 2007 
to February 2011 were tested for rotavirus antigen at the 
University of Ghana Medical School Virology laboratory in 
Accra. Rotavirus positive specimens were subsequently sent 



to the Noguchi Memorial Institute of Medical Research 
rotavirus reference laboratory in Accra for determination 
of rotavirus genotype by polyacrylamide gel electrophor- 
esis (PAGE) and reverse-transcriptase polymerase chain 
reaction (RT-PCR). EIA positive stool specimens were 
stored at -20°C until genotype analysis was performed. 

Laboratory analysis 

Rotavirus group A enzyme immuno-assay (IDEIA™ kit, 
DAKO Diagnostics, United Kingdom) was performed on a 
10% suspension of fecal specimen in a phosphate buffer sa- 
line as described by Asmah et al. [30]. Positive stool speci- 
mens were further subjected to PAGE. In some instances, 
all negative and positive samples were subjected to PAGE 
to screen for any non-group A rotaviruses. The viral 
dsRNA was extracted and purified from the 10% fecal sus- 
pension by the phenol/chloroform method as described by 
Steele et al. [31] and purified with an RNaid® Kit (Bio 101, 
Carlsbad, USA). The dsRNA was then electrophoresed for 
20 hours at 100 V in a 10% vertical polyacrylamide slab gel. 
The RNA was visualized by the silver staining technique as 
described by Herring et al. [32]. 

All PAGE-positive and EIA-positive but PAGE-negative 
specimens were further characterized by RT-PCR as de- 
scribed by Armah et al. [33]. Briefly, a semi-nested multiplex 
RT-PCR was performed on purified dsRNA extracted from 
EIA and PAGE positive specimens after priming with VP7 
and VP4 consensus primer pairs. A second round multiplex 
PCR was done for G-typing and P-typing by using specific 
primers [34,35]. All PCR products were also examined by 
gel electrophoresis in 1.2% agarose gel containing 4 (ig/ml 
ethidium bromide and the G and P types were determined 
by the molecular weight of the amplicons. 

Data analysis 

Laboratory data was entered into a designated register. All 
data were subsequently entered into a database (Access 
2007 for Windows, Microsoft Corporation, USA) and ana- 
lyzed using Stata version 10 (StataCorp, College Station, 
TX, USA). 

Competing interests 

All the authors declare that they have no competing financial or 
non-financial interests. Though WHO provided support for this study authors 
received no funding for the work or preparation of the manuscript. 

Authors' contributions 

CEL and GEA participated in the design of the study. KWS carried out the 
immunoassays. SD and BL carried out the molecular genetic studies and 
participated in the analysis of the data. CEL drafted the manuscript in coordination 
with GEA and KWS. All authors read and approved the final manuscript. 

Authors' information 

CEL (MRCPCH) is the paediatrician in charge of rotavirus surveillance in the 3 
hospitals where the data for this study was collected. KWS (PHD) is the head 
of the medical virology laboratory. GEA (PHD) is the head of the electron 
microscopy laboratory and regional rotavirus surveillance reference 
laboratory. SD (MSc) is the chief laboratory scientist and BL (BSc) is a 



Enweronu-Laryea et al. Virology Journal 2013, 10:287 
http://www.virologyj.eom/content/1 0/1 /287 



Page 5 of 6 



laboratory scientist at the electron microscopy laboratory and regional 
rotavirus surveillance reference laboratory. 

Acknowledgement 

This study was done as part of the African Rotavirus Surveillance Network 
which is sponsored by the World Health Organization (WHO). WHO provided 
logistics for specimen collection from patients, data entry, and kits for 
laboratory analysis. Authors acknowledge the staff of the Clinical Virology 
Laboratory of the University of Ghana Medical School (Isaac Boamah, Anna 
Aba Hayford and Makafui Seshie) for technical assistance. We also 
acknowledge Juanita Adams and Gifty Okine for the field work. 

Author details 

department of Child Health, University of Ghana Medical School, College of 
Health Sciences, University of Ghana, Accra, Ghana, department of 
Microbiology, University of Ghana Medical School, College of Health 
Sciences, University of Ghana, Accra, Ghana. 3 Noguchi Memorial Institute of 
Medical Research, College of Health Sciences, University of Ghana, Accra, 
Ghana. 

Received: 6 July 2013 Accepted: 21 August 2013 
Published: 14 September 2013 



References 

1. Murray CJ, Lopez AD: Mortality by cause for eight regions of the world: 
global burden of disease study. Lancet 1997, 349:1269-1276. 

2. Parashar UD, Gibson CJ, Bresse JS, Glass Rl: Rotavirus and severe childhood 
diarrhea. Emerg Infect Dis 2006, 12:304-306. 

3. Matthijnssens J, Van Ranst M: Genotype constellation and evolution of 
group A rotaviruses infecting humans. Curr Opin Virol 2012, 2(4):426-33. 

4. Matthijnssens J, Ciarlet M, Heiman E, Arijs I, Delbeke T, McDonald SM, 
Palombo EA, Iturriza-Gomara M, Maes P, Patton JT, Rahman M, Van Ranst M: 
Full genome-based classification of rotaviruses reveals a common origin 
between human Wa-Like and porcine rotavirus strains and human 
DS-1-like and bovine rotavirus strains. J Virol 2008, 82:3204-19. 

5. Estes MK, Kapikian AZ: Rotaviruses. In Virology. 5th edition. Edited by Knipe 
DM, Howley PM, Griffin DE, Lamb RA, Martin MA, Roizman B, Straus EE. 
Philadelphia: Lippincott, Williams and Wilkins; 2007:1917-1974. 

6. Matthijnssens J, Ciarlet M, McDonald SM, Attoui H, Banyai K, Brister JR, Buesa J, 
Esona MD, Estes MK, Gentsch JR, Iturriza-Gomara M, Johne R, Kirkwood CD, 
Martella V, Mertens PP, Nakagomi 0, Parreno V, Rahman M, Ruggeri FM, Saif U, 
Santos N, Steyer A, Taniguchi K, Patton JT, Desselberge U, Van Ranst M: Uniformity 
of rotavirus strain nomenclature proposed by the Rotavirus Classification 
Working Group (RCWG). Arch Virol 201 1 , 1 56:1 397-1 41 3. 

7. Santos N, Hoshino Y: Global distribution of rotavirus serotypes/genotypes 
and its implication for the development and implementation of an 
effective rotavirus vaccine. Rev Med Virol 2005, 15:29-56. 

8. Todd S, Page NA, Steele DS, Peenze I, Cunliffe NA: Rotavirus strain types 
circulating in Africa: review of studies published during 1997-2006. 

J Infect Dis 2010, 202(Suppl):34-42. 

9. Akran V, Peenze I, Akoua-Koffi C, Kette H, De Beer MC, Dosso M, Steele AD: 
Molecular characterization and genotyping of human rotavirus strains in 
Abidjan, Cote d'lvoire. J Infect Dis 2010, 202:220-224. 

1 0. Aminu M, Page NA, Ahmad AA, Umoh JU, Dewar J, Steele AD: Diversity of 
rotavirus VP7 and VP4 genotypes in North-western Nigeria. J Infect Dis 2010, 
202:198-204. 

1 1 . Arista S, Giammanon GM, De Grazia S, Ramirez S, Biundo CD, Colombo C, 
Casio A, Martella V: Heterogeneity and temporal dynamics of evolution of Gl 
human rotaviruses in a settled population. J Virol 2006, 80:10724-10733. 

1 2. Glass Rl, Parashar UD, Bresee JS, Turcios R, Fischer TK, Widdowson MA, Jiang 
B, Gentsch JR: Rotavirus vaccines: current prospects and future 
challenges. Lancet 2006, 368:323-332. 

13. WHO: Meeting of the immunization strategic advisory group of experts, 
April 2009 - conclusions and recommendations. Wkly Epidemiol Rec 2009, 
84:220-236. 

14. Binka FN, Anto FK, Oduro AR, Awini EA, Nazzar AK, Armah GE, Asmah RH, 
Hall AJ, Cutts F, Alexander N, Brown D, Green J, Gray J, Iturriza-Gomara M, 
Navrongo Rotavirus Research Group: Incidence and risk factors of 
paediatric rotavirus diarrhoea in northern Ghana. Trop Med Int Health 
2003, 8:840-6. 



15. Nokes DJ, Peenze I, Netshifhefhe L, Abwao J, De Beer MC, Seheri M, 
Williams TN, Page N, Steele D: Rotavirus genetic diversity, disease 
association, and temporal change in hospitalized rural Kenyan children. 
J Infect Dis 2010, 202:S180-6. 

16. Okitsu-Negishi S, Nguyen TA, Phan TG, Ushijima H: Molecular epidemiology 
of viral gastroenteritis in Asia. Pediatr Int 2004, 46:245-252. 

17. Gentsch JR, Laird AR, Bielfelt B, Griffin DD, Banyai K, Ramachandran M, Jain 
V, Cunliffe NA, Nakagomi O, Kirkwood CD, Fischer TK, Parashar UD, Bresee 
JS, Jiang B, Glass Rl: Serotype diversity and reassortment between human 
and animal rotavirus strains: implications for rotavirus vaccine programs. 
J Infect Dis 2005, 192(Suppl. 1):146-159. 

18. Esona MD, Geyer A, Page N, Trabelsi A, Fodha I, Aminu M, Agbaya VA, Tsion 
B, Kerin TK, Armah GE, Steele AD, Glass Rl, Gentsch JR: Genomic 
characterization of human rotavirus G8 strains from the African rotavirus 
network: relationship to animal rotaviruses. J Med Virol 2009, 81:937-51. 

19. Kiulia NM, Kamenwa R, Irimu G, Nyangao JO, Gatheru Z, Nyachieo A, 
Steele AD, Mwenda JM: The epidemiology of human rotavirus 
associated with diarrhoea in Kenyan children: a review. J Trop Pediatr 
2008, 54:401-5. 

20. Banyai K, Lazlo B, Duque J, Steele D, Nelson AS, Gentsch JR, Prashar UD: 
Systemic review of regional and temporal trends in global rotavirus 
strain diversity in the pre-rotavirus vaccine era: insights for 
understanding the impact of rotavirus vaccination programs. Vaccine 
2012, 30(Suppl 1):A122-130. 

21. Rahman M, Sultana R, Ahmed G, Nahar S, Hassan ZM, Saiada F, Podder G, 
Faruque AS, Siddique AK, Sack DA, Matthijnssens J, Van Ranst M, Azim T: 
Prevalence of G2P[4] and G12P[6] Rotavirus, Bangladesh. Emerg Infect Dis 
2007, 13:18-24. 

22. Cook SM, Glass Rl, LeBaron CW, Ho MS: Global seasonality of rotavirus 
infections. Bull World Health Organ 1990, 68:171-177. 

23. Mukherjee A, Nayak MK, Roy T, Ghosh S, Naik TN, Kobayashi N, Chawla- 
Sarkar M: Detection of human G10 rotavirus strains with similarity to 
bovine and bovine-like equine strains from untypable samples. Infect 
Genet Evol 2012, 12:467-70. 

24. Armah GE, Hoshino Y, Santos N, Binka F, Damanka S, Adjei R, Honma S, 
Tatsumi M, Manful T, Anto F: The global spread of rotavirus G10 strains: 
detection in Ghanaian children hospitalized with diarrhea. J Infect Dis 
2010, 202(Suppl):231-8. 

25. Madhi SA, Cunliffe NA, Steele D, Witte D, Kirsten M, Louw C, Ngwira B, Victor JC, 
Gillard PH, Cheuvart BB, Han HH, Neuzil KM: Effect of human rotavirus vaccine on 
severe diarrhea in African infants. N Engl J Med 2010, 362:289-298. 

26. Richardson V, Hernandez-Pichardo J, Quintanar-Solares M, Esparza-Aguilar M, 
Johnson B, Gomez-Altamirano CM, Parashar U, Patel M: Effect of rotavirus 
vaccination on death from childhood diarrhea in Mexico. N Engl J Med 
2010, 362:299-305. 

27. Vesikari T, Matson DO, Dennehy P, Van Damme P, Santosham M, Rodriguez 
Z, Dallas MJ, Heyse JF, Goveia MG, Black SB, Shinefield HR, Christie CD, 
Ylitalo S, Itzler RF, Coia ML, Onorato MT, Adeyi BA, Marshall GS, Gothefors L, 
Campens D, Karvonen A, Watt JP, O'Brien KL, DiNubile MJ, Clark HF, 
Boslego JW, Offit PA, Heaton PM, Rotavirus Efficacy Safety Trial (REST) 
Study Team: Safety and efficacy of pentavalent human-bovine (WC3) 
reassortant rotavirus vaccine in preventing rotavirus gastroenteritis and 
reducing associated health care resource utilization. N Engl J Med 2006, 
354:23-33. 

28. Jain V, Das BK, Bhan MK, Glass Rl, Gentsch JR, and the Indian Strain 
Surveillance Collaborating Laboratories: Great diversity of group a 
rotavirus strains and high prevalence of mixed rotavirus infections in 
India. J Clin Microbiol 2001, 39:3524-3529. 

29. Esona MD, Armah GE, Steele AD: Rotavirus VP4 and VP 7 genotypes 
circulating in Cameroon: identification of unusual types. J Infect Dis 2010, 
202(Suppl):205-211. 

30. Asmah RH, Green J, Armah GE, Gallimore CI, Gray JJ, Iturriza-Gomara M, 
Anto F, Oduro A, Binka FN, Brown DW, Cutts F: Rotavirus G and P 
genotypes in rural Ghana. J Clin Microbiol 2001, 39:1981-1984. 

31 . Steele AD, Alexander JJ: Molecular epidemiology of rotaviruses in black 
infants in South Africa. J Clin Microbiol 1987, 23:992-994. 

32. Herring AJ, Inglis NF, Ojeh CK, Snodgrass DR: Rapid diagnosis of rotavirus 
infection by direct detection of viral nucleic acid in silver-stained 
polyacrylamide gels. J Clin Microbiol 1982, 16:473-477. 

33. Armah GE, Steele AD, Binka FN, Esona MD, Asmah RH, Anto F, Brown D, Green 
J, Cutts F, Hall A: Changing patterns of rotavirus genotypes in Ghana: 



Enweronu-Laryea et al. Virology Journal 2013, 10:287 
http://www.virologyj.eom/content/1 0/1 /287 



Page 6 of 6 



emergence of human rotavirus G9 as a major cause of diarrhea in children. 

J Clin Microbiol 2003, 41 :231 7-2322. 

34. Gouveau V, Glass Rl, Woods P, Taniguchi K, Clark HF, Forrester B, Fang ZY: 
Polymerase chain reaction amplification and typing of rotavirus nucleic 
acid from stool specimens. J Clin Microbiol 1990, 28:276-282. 

35. Gentch JR, Glass Rl, Woods P, Gouveau V, Gorziglia M, Flores J, Das BK, Bhan 
MK: Identification of group A rotavirus gene 4 types by polymerase 
chain reaction. J Clin Microbiol 1992, 30:1365-1373. 



doi:1 0.1 1 86/1 743-422X-1 0-287 

Cite this article as: Enweronu-Laryea et al:. Rotavirus genotypes 
associated with childhood severe acute diarrhoea in southern Ghana: a 
cross-sectional study. Virology Journal 2013 10:287. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at (^\ RiftMM i rpntral 

www.biomedcentral.com/submit \^ ™omea centra I 



